Compton scattering is interesting as one of the basic reactions involving photons and protons. It is expected to be predominantly diffractive at low tvalues but possibly to become nondiffractive at larger momentum transfers.
Previous to this experiment, data were available only up to incident photon energies of 1.5 GeV.
1 We report here our measurement of the differential cross sections for incident photon energies between 5 GeV and 17 GeV and for the four 2 momentum transfer squared between -0.06 (GeV/c)2 and -1. The limits6 on such terms, previous to this experiment, were rather poor.
The layout of the experiment is shown in Fig. 1 . A well collimated photon beam passed through a hydrogen target and a helium duct, and stopped in a Secondary Emission Quantameter (SEQ) 0 In addition to the quantameter, which was the primary beam monitor, the intensity was monitored by a Cerenkov cell located in front of the target. Both of these instruments were calibrated periodically with a calorimeter. An electron beam was frequently used in the experiment to check apertures and to calibrate the equipment. The intensity of this electron beam was monitored by a toroid in front of the target and by the SEQ.
For large t-values (It I L D 4 (G~V/C)~) a conventional liquid target cell was used. For small t-values we used a high pressure gas target, 7 cooled to 34' K with a commercial refrigerator unit. The density of the hydrogen in the gas target was D 01 gm/cm3. The target was connected directly to the spectrometer vacuum and the protons left the hydrogen through a D 025 cm thick mylar window.
This reduced the material the protons passed through before reaching the exit window of the spectrometer to less than .002 of a radiation length.
The scattered photon passed through a helium duct and a sweeping magnet, and was detected in a shower counter e The arrangement of the shower counter is shown in detail in the insert of Fig. 1 . The shower counter proper was a conventional lead-lucite sandwich counter 13 radiation lengths thick. The counter was placed inside a well shielded cave, which could be moved remotely in angle and in height. The aperture of the counter was defined by remotely movable lead slits in front of the counter.
To reduce the pileup from low energy photons, 3 radiation lengths of carbon were placed just in front of the counter.
The momentum and angle of the proton were measured by the SLAC 1.6 GeV/c spectrometer 0 The counter system in the spectrometer is shown in detail in the insert in Fig. 1 and consists mainly of a range telescope and a missing mass hodoscope. The first two backing counters, located in front of the hodoscope, are each only D 08 cm thick. A coincidence between these and the missing mass hodoscope was sufficient to define a clean proton signal for It I less than 0 2 (GeV/c) 20
For It I larger than D 4 (GeV/c)2 a threshold lucite Cerenkov counter was used to veto pions, In addition to the missing mass hodoscope we also had a momentum hodoscope made of ., 08 cm thick scintillator D The momentum hodoscope in effect reduced the spread in flight tunes through the spectrometer, so that shorter resolving times for the coincidence between the proton telescope and the shower counter could be used.
The recoil proton and the incoming photon defined the plane of elastic scattering. Photoproduced no mesons, which were the main source of background in the experiment, decay into two photons with a typical half-opening angle of cmp,)e I-3 owever, since the solid angle of the shower counter (matched to the spectrometer acceptance) was small compared with this decay cone, the 7r" contamination was strongly suppressed. The remaining r" contribution, including accidental counts, was measured directly by mov-ing the shower counter out of the Compton plane. The main event selection was therefore made by the spectrometer, and the shower counter simply provided an additional kinematic constraint. This constraint was largely geometric in nature and not strongly dependent on the energy resolution of the counter, This was important, since the high instantaneous rates at SLAC make a good energy measurement of the photon very difficult without severely limiting the data taking rate.
The acceptance of the system was well defined. The spectrometer determined the t-value, the t-acceptance and the effective target length. The acceptance in photon energy Ak/k and the vertical angle A$ were determined by the horizontal and vertical slits in front of the shower counter. During the experiment At varied from e 007 (GeV/c)2 at the lowest t-values to .09 (GeV/c)2 at 1.1 (GeV/c) 2, Ak/k was typically lo%, and A+ varied from 0.7 mrad to '7 mrad depending upon the kinematics, A$ was always kept small compared to (ml(E,) 0
As a check on the acceptance as well as the overall alignment of the system, cross sections for elastic e-p scattering were measured detecting the recoil proton in coincidence with the scattered electron. Elastic e-p scattering has the same kinematics as Compton scattering at high energy, The response of the shower counter to electron and photon beams is very nearly the same and the cross sections are well known for the momentum transfers of our experiment.
The data was corrected for counter efficiencies, losses due to multiple scattering, ; 8 and for radiative effects according to Meister and Yenme.
The resultant cross sections at all energies are in agreement with earlier measurements 9 indicating that the acceptance of the system is well understood. residual r" signal is given by (1-C '/C) times the measured no rate, and is generally small. For the yields of Fig, 2b it is less than a 1% correction. The largest correction was at 18 GeV and t = -1.1 (GeV/c)2 where it amounted to about 8%. Corrections for these residual no signals were determined by computing the ratio (C'/C) D In general this ratio was kept approximately equal to 0.9. We have checked the computation by evaluating the r" cross sections using the computed value of C' and the measured r" yields 0 The no cross sections determined in this way are in agreement with our single arm measurements. 10
The Compton data were corrected for counter efficiencies, loss from pair production of the scattered photon before the sweeping magnet, loss of incident photons before the SEQ, and the change in the At acceptance of the spectrometer due to energy loss of the proton in the target. The total corrections were typically about 30% and were largely determined experimentally. The total uncertainty introduced by these corrections is conservatively assumed to be 20% of the
The corrected cross sections are listed in Table I and plotted versus t in The results are shown as the squares in Fig. 3 , The t=O intercepts of the fits lo our data are in fair agreement with these optical points, although on the average they are somewhat low, The results are therefore consistent with f2 equal to zero. It is possible, to first order in (Y, to add terms of the type hlk2 to the real part of fl without disturbing the unitary limit or the Thompson limit as k approaches zero,, 5 To set a limit on the term ilk2 we assume that this term contributes at the most ,, 05 pbjGeV 2 to the cross section at 1. The results are shown in Fig. 3 -t, (GeV/cJ2 -t, (GeW2 Fig. 3 
